Abstract-The purpose of this paper is to study the oxygen field sensor based on the temperature field and the thermal field. By using cerium -zirconium oxygen storage material as the oxygen partial pressure reference layer, the multi -layer structure of flat -type concentration oxygen sensor was designed. The finite element model of the sensor is established. Thermal conductivity and thermal stress analysis of 8YSZ and 3YSZ different electrolyte sensors were carried out respectively. The results show that the sensor reaches the response temperature above 300 ℃ at t = 5s. When the sensor is stable, the temperature of the sensitive area is about 800 ℃. At the same time, it shows consistency in the thickness direction. The thermal stress of each layer of the sensor increases with increasing temperature. When the sensor is stable, it reaches its maximum value. However, they are less than the breaking strength of each material. Based on the above findings, we conclude that the plate type concentration oxygen sensor based on temperature field and thermal field has the advantages of fast response time and reliable performance.
Introduction
Since the exhaust gas sensor is made of zirconia electrolyte, the sensor has to meet the temperature of the electrolyte to start the work [5] . General exhaust gas is not sufficient for the sensor to reach this temperature [7] . In the traditional tubular oxygen sensors, an independent ceramic heater is introduced, which greatly shortens the time required for the response [6] . However, it is still unable to meet the exhaust emission vehicle (SULEV) response time requirements [9] . As a result, we need an oxygen sensor that heats up more quickly [8] . These requirements have accelerated the development of the flat structure of the sensor to the integrated heater [10] . The panel type oxygen sensor has the advantages of fast response, low energy consumption and good performance [13] . However, as it integrates the heater, the sensor will suffer greater thermal gradients and thermal stresses [12] .
By employing partially stabilized zirconia (PSZ) as a solid electrolyte, a reasonable design can satisfy the requirements of the sensor's operating temperature, response time and intensity [11] . However, the thermal analysis of fully stabilized zirconia (FSZ) as an oxygen sensor electrolyte is relatively small. This is mainly due to the poor mechanical properties of FSZ [14] .
In addition, according to the Nernst principle, the flat-type concentration oxygen sensor must have an air channel to provide a constant reference oxygen partial pressure, which makes its structure and manufacturing process complex [15] . This is not easy to miniaturization. The use of oxygen storage materials as a solid gas reference layer gives a new way to solve this problem [18] .
However, this material does not match the thermal expansion coefficient of the electrolyte material, which may cause the sensor to suffer from greater thermal stress and break [17] . Therefore, it is necessary to start from the structure and materials, looking for the use of the requirements of the oxygen sensor.
At present, there are mainly two effective measures to reduce and control automobile exhaust emissions. One is an EFI engine three element catalytic control system, and the other is an EFI engine lean combustion system [16] . The ternary catalytic control system is equipped with an exhaust gas transfer device on the exhaust pipe [19] . By using platinum, rhodium and palladium as a catalyst, it converts the harmful gases in the off-gas into nonaerobic nitrogen, water, carbon dioxide and so on.
The Analysis and Research for the Plate Differential Oxygen Gas Sensor of Auto Based on the Temperature Field and Thermal Stress Field
This method was first applied in 1977 by the German company BOSCH VOLVO type internal combustion engine [20] . Subsequently, it was used to control vehicle exhaust emissions, which is currently the world's most effective measures to control vehicle exhaust emissions. With the economic growth, the automobile industry has developed rapidly. According to statistics, in 2013, China's car ownership was 125 million vehicles. By 2014, it reached 154 million vehicles, and by May 2015, it had more than 162 million vehicles [21] . Since 2010, the average annual growth rate of car ownership in the country has exceeded 15% [1] [2] [3] .A large number of cars provide convenience for people's life. At the same time, it also brings many negative effects, such as traffic accidents, energy consumption, exhaust gas and noise pollution. Among them, the exhaust gas emitted by automobiles is a major air pollution source in the world, which seriously affects the ecological environment and people's physical and mental health [4] .At present, the electronic injection system has replaced the traditional carburetor as the fuel supply mode of the automobile engine. Among them, the automobile oxygen sensor is the detection element in the closed-loop control system of EFI engine [26] . It is one of the key components to improve the combustion efficiency of automobile engines, control the exhaust emissions of automobiles and reduce the environmental pollution caused by automobiles [27] .According to statistics, most of the automotive oxygen sensor design life is 60 thousand km [28] . Some sensors live up to 100 thousand kilometers. According to the average life span of 80 thousand kilometers, if a car runs 40 thousand kilometers per year, for about 2 years, it will need to replace the new oxygen sensors [29] .According to environmental protection requirements, oxygen sensors must be installed in the newly manufactured gasoline vehicles [23] .Some of the models in the three way catalytic converter (TWC) before and after each equipped with an oxygen sensor, which uses hydrogen peroxide sensor [30] .According to the current domestic car ownership base and the number of new cars every year, it is estimated that 100 million oxygen sensors are needed per year [24] .Although there are hundreds of manufacturers of oxygen sensors in China, the quality of the sensors produced is not up to the advanced level in other countries [25] .At present, Germany BOSCH, the United States DELPHI, Japan DEOSO and Japan NGK occupy the sensor market [22] .
In summary, the oxygen sensor product performance and emissions regulations, large sensor market increasingly stringent and backward technology makes the development of China's independent property and high reliability is particularly urgent and important. In this paper, the finite element model of the sensor is established by using the cerium-zirconium oxygen storage material as the solid oxygen storage reference layer. The temperature field and thermal stress field of the sensor are established. The effects of 8YSZ and 3YSZ electrolyte on the thermal stress of the sensor were simulated and compared.
State of the art
Heat transfer is a science that studies the heat transfer, which expresses the law of conservation of nature in the form of heat. For a closed system, it can be described as:
(1) In the formula, Q is the heat, W is the work, is internal energy of system， is system function, is potential energy of system. For most of the project heat transfer problem, there is without considering the work (W=0), then .
There are three basic ways of heat transfer such as heat conduction, thermal convection and heat radiation. Heat conduction refers to the heat exchange behavior between two objects that are in contact with each other or between different parts of the same object due to the difference in temperature. Heat conduction follows the Fourier law: (2) In the formula, q'' is the density of heat flux and k is the thermal conductivity. The negative sign indicates that the heat is transferred in the direction of low temperature.
Thermal convection refers to the heat exchange behavior between the solid surface and its surrounding fluid due to differences in temperature. The thermal convection process can be described by the Newton cooling equation:
In the formula, h is the convective heat transfer coefficient, is the solid surface temperature and is the ambient fluid temperature.
When the temperature of the various parts of the body has changed, the various parts will form linear strain due to deformation, where is the coefficient of linear expansion of the material. is a point in the instantaneous temperature of the object), and is the initial temperature of the point. If the object's thermal deformation is not bound, the deformation of the object will not produce stress. However, when the object is constrained or the temperature of each part
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is not uniform, and the thermal deformation cannot be carried out freely, then the stress will be produced in the object. At present, there are few theoretical studies on the stress analysis of ceramic materials. The elastoplastic finite element theory is mainly used. There is a generalized stress , when reaches to a limit value of yield, the ceramic material will be damaged. For thermal stress analysis, ANSYS provides three kinds of methods: One is the direct method, which means the direct definition of node temperature (if the temperature of all nodes is known). Node temperature is used for thermal stress analysis.
The second is the indirect disaster legal, which means to get the temperature data of each node through thermal analysis, and then take the node temperature as the thermal stress analysis of the body load. The third is the direct legal trouble, which means to use the coupling unit with two freedom degrees of temperature and displacement.
The effects of thermal analysis on thermal stress analysis are considered in this study, and take no account of the opposite influence of thermal stress analysis on thermal analysis. This process is called unidirectional coupling. Therefore, the indirect method is used to calculate the thermal stress field. Fig. 1 is a data flow diagram using indirect hazards. 
Methodology

Structure analysis
The plate type oxygen sensor is generally a multilayer structure, which includes a conductive pin, a substrate, an insulating layer, a heater, a reference air channel, an internal and external electrode, a solid electrolyte, and a porous protective layer.
The heater layer of oxygen sensor is usually made of precious metal platinum. Generally, it is made in thin structure in order to save costs. The heating region should focus on the front in order to ensure the efficiency of heating. Usually, the resistance in front of heater accounts for more than 80% of the total resistance heater. In order to ensure uniform heating, the front end is designed to the winding with uniform width.
The size of the schematic is shown in Fig. 2 , and the unit is mm. The inner and outer electrodes of the oxygen sensor are usually coated with a printing process on a solid electrolyte, and then sintered into a whole. The thickness of the oxygen sensor is relatively small. Because of its good insulation performance and the similar expansion coefficient to that of the upper and lower layers, alumina is selected as the insulating layer and the substrate layer. In order to simplify the model, the insulation layer of the material and the substrate layer are combined with the substrate to form a layer. Because the area is far away from the heater winding (>10mm) part of the sensor temperature and thermal stress is low, the modeling length is selected as 22mm instead of 60mm. The size of several parts needed to be modeled is shown in Fig. 3 , and the unit is mm. 
Mesh partition
Three dimensional thermal analysis unit SOLID69 is used in the heat conduction analysis. The unit has 8 nodes, and each node has two degrees of freedom of temperature and voltage. The results of thermal field analysis are carried out, and the corresponding structural analysis unit SOLID45 is adopted. Each node of the element has 3 degrees of freedom along the XYZ direction. The bottom-up modeling method is used to model each layer, and then glue them together. According to the geometric characteristics of the model, the grid partition is adopted. The heater is divided into two parts because of the small size of the heater.
Result analysis and discussion
Electrothermal coupling analysis
The response speed of sensor and the temperature when it is stability all satisfy the needs by applying the step voltage to and stability. The specific method is: A high voltage is applied at the beginning stage to make the sensor reaching the response temperature with rapid speech. Meanwhile, the voltage value is gradually reduced until the sensor stable at working temperature. The optimization process of step voltage is shown in When t=1s, the distribution of the black area is just the part of the heater winding. With the extension of time, the black area has gradually extended to the surrounding. When t=5s, the front part of the plate has already reached the response temperature (above 300℃). After that, the heat gradually transfers to the end of the zirconium plate, and black area gradually expanded. However, because the front of zirconium plate can be quickly heated under the action of heater layer, the rear temperature is always lower than the tip temperature. Large parts of rear end are heater wire and assembly part, and the heat continuously transfers to them. In addition, the assembly volume is greater than the volume of the zirconium plate, and the heat pass is quick. Therefore, the temperature at the back end of the plate is always low. The temperature of sensor layer rises rapidly, and the high temperature in each layer at each time point is the same. This feature shows that the sensor temperature in the thickness direction is consistent, which is very important for the stability of sensor output signal. When t=43s, the temperature of each layer of the sensor is basically stable, and the temperature distribution of each layer is shown in Fig. 8 and Fig. 9 . 
Thermal coupling analysis
In practical applications, the sensor will be affected by the thermal stress and the mechanical stress produced by the assembly. This chapter only simulates the thermal efficiency of the sensor.
A method of using indirect thermal stress analysis, thermal analysis unit (SOLID69) is converted into a corresponding structure analysis unit (SOLID45), as the hot temperature load analysis into the thermal analysis of the temperature data, are applied to each node to solve. Thermal stress is assumed to be 25 ℃ at room temperature. The relationship between the equivalent stress and the time of each layer of the sensor is obtained by the thermal hazard analysis, as shown in Fig. 10 .
Figure 10: The maximum von mises curve of each layer
From the Fig. 10 we can see that:
(1) The maximum equivalent stress of the sensor in the first 30s increases rapidly and then tends to be stable, which is similar to the temperature rise. This is because as the temperature increases, the average stress inside the sensor increases. At the same time, when the temperature field is stable, then the thermal stress of the sensor is also stabilized.
(2) Al2O3 insulation layer and solid-state oxygen storage layer of the equivalent stress is large, which should be close to the heater insulation. The temperature gradient is relatively large, so the equivalent stress value is large. Because CZ oxygen storage material thermal expansion coefficient is large, the equivalent stress value of solid-state oxygen storage layer is relatively large. The maximum equivalent stress of each layer tends to be stable at t=43s, which is consistent with the temperature variation of the sensor.After stable, the maximum equivalent stress of the base layer and the insulating layer are 75.2MPa and 183MPa, respectively. The stress distributions are shown in Fig. 11 and Fig.12 .The maximum thermal stress at each layer is outside the outer edge of the material in the heater distribution area.At this point, the fracture strength of Al2O3, CZ and YSZ are 249MPa, 195MPa and 240MPa, respectively. The thermal stress of each layer is smaller than the fracture strength of each material itself, and it meets the requirements.
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Conclusion
In this paper, the temperature field and the thermal stress field of the plate type differential oxygen sensor are simulated and analyzed. The results show that: When t=5s, the sensor sensitive area temperature has reached the response temperature above 3000℃. When t=43s, the temperature of each layer of the sensor tends to be stable. At this time, the sensitive area temperature is about 800℃. Sensor stability is used 8YSZ as solid electrolyte, and the maximum thermal stress of each layer of Al2O3, CZ, 8YSZ are 183MPa, 118MPa, and 49.6MPa. When the electrolyte material is replaced by 3YSZ, the maximum thermal stress of each layer of Al2O3, CZ and 8YSZ are 204MPa, 165MPa, 6MPa 87. 8YSZ is used as the maximum thermal stress of the solid electrolyte oxygen sensor, which is less than the maximum thermal stress under the corresponding condition of 3YSZ sensor.
The maximum thermal stress of two layers of solid electrolyte sensor under steady state is less than the fracture strength of material.
